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Introduction
The debate in economics on the proper size and role of the state is pervasive since Adam Smith. Nevertheless, the proper measurement of public sector performance, particularly when it concerns services provision, is a delicate empirical issue and the literature on it, particularly when it comes to aggregate and international data is still limited. This measurement issue is here considered in terms of efficiency measurement. In our framework, we compare resources used to provide certain services, the inputs, with outputs. Efficiency frontiers are estimated, and therefore inefficient situations can be detected. As the latter will imply the possibility of a better performance without increasing allocated resources, the efficiency issue gives a new dimension to the recurring discussion about the size of the state.
Although methods proposed and used here can be applied to several sectors where government is the main or an important service provider, we restrict ourselves to efficiency evaluation in education and health in the OECD countries. These are important expenditure items everywhere and the quantities of public and private provision have a direct impact on welfare and are important for the prospects of economic growth. OECD countries were chosen because data for these countries were collected following the same criteria and provided by the OECD itself, both for education and health. Also, this sample is not too heterogeneous in wealth and development terms, so that an efficiency comparison across countries is meaningful.
Our study presents two advances in what concerns the recent literature on the subject.
First, when estimating the efficiency frontier, we use quantity inputs, and not simply a measure of expenditure. We consider this procedure to be advantageous, as a country may well be efficient from a technical point of view but appear as inefficient in previous analysis if the inputs it uses are expensive. Moreover, our method allows the detection of some sources of inefficiency (e. g. due to an inappropriate composition of inputs). Second, we do not restrain to one sole method, but compare results using two methods. To our knowledge, Data Envelopment Analysis has not yet been used in this context. This is a step forward in what concerns the evaluation of result robustness.
The paper is organised as follows. In section two we briefly review some of the literature on spending efficiency. Section three outlines the two non-parametric approaches used in the paper and in section four we present and discuss the results of our non-parametric efficiency analysis. Section five provides conclusions.
Literature on spending efficiency and motivation
Even when public organisations are studied, this is seldom done in an international and more aggregate framework. International comparisons of expenditure performance implying the estimation of efficiency frontiers do not abound. To our knowledge, this has been done by Fakin and Crombrugghe (1997) and Afonso, Schuknecht and Tanzi (2003) for public expenditure in the OECD, by Clements (2002) for education spending in Europe, by Gupta and Verhoeven (2001) for education and health in Africa, and by St. Aubyn (2002 for health and education expenditure in the OECD. All these studies use Free Disposable Hull analysis and the inputs are measured in monetary terms. Using a more extended sample, Evans, Tandon, Murray and Lauer (2000) evaluate the efficiency of health expenditure in 191 countries using a parametric methodology.
In this paper we are particularly interested in education and health expenditure, two important public spending items. For instance, for some EU countries, spending in these two categories, plus R&D, accounted for between 10 and 15 per cent of GDP in 2000. Public expenditure in these items increased during the last 20 years with particular emphasis in countries where the levels of intervention were rather low, such as Portugal and Greece. 4 Table 1 summarises some data on education and health spending in OECD countries.
In 2000, education spending varied between 4 and 7.1 percent of GDP within OECD countries. This expenditure is predominantly public, and particularly in European countries (92.4 percent of total educational expenditure is public in the EU). Total expenditure on health is usually higher than expenditure on education, and it averaged 8 percent of GDP in the OECD. Public expenditure in health is usually more than half 4 See EC (2002). of total expenditure, and it averaged 72.2 percent of total in the OECD. The US are a notable exception -being the country where health spending is relatively higher (13.1 of GDP) and were private spending is more important (55.8 per cent of total). Public expenditure on education includes public subsidies to households attributable for educational institutions and direct expenditure on educational institutions from international sources. Private expenditure on education is net of public subsidies attributable for educational institutions.
In an environment of low growth and increased attention devoted by both the authorities and the public to government spending, the efficient allocation of resources in such growth promoting items as education and health seems therefore of paramount importance. Furthermore, and in what concerns the health sector, there is a genuine concern that for most OECD countries public spending in healthcare is bound to increase significantly in the next decades due to ageing related issues. Again, and since most of expenditure on healthcare comes from the public budget, how well these resources are used assumes increased relevance.
Analytical methodology
We apply two different non-parametric methods that allow the estimation of efficiency frontiers and efficiency losses -Free Disposable Hull (FDH) analysis and Data Envelopment Analysis (DEA). Both these methods have originally been developed and applied to firms that convert inputs into outputs. Coelli, Rao and Battese (1998) , Sengupta (2000) and Simar and Wilson (2003) introduce the reader to this literature and describe several applications. The term "firm", sometimes replaced by a more encompassing "decision making unit", may include non-profit or public organisations, such as hospitals, schools or local authorities. For instance, De Borger and Kerstens (1996) analyse the efficiency of Belgian local governments, Coelli (1996) assesses the efficiency performance of Australian universities, and Afonso and Fernandes (2003) study the efficiency of local municipalities in the Lisbon region.
FDH framework
We apply a so-called FDH analysis, which is a non-parametric technique first proposed by Deprins, Simar, and Tulkens (1984) . Suppose that under efficient conditions, the education or health status of a population i, measured by an indicator i y , the output, depends solely on education or health expenditure per habitant, i x , the input: 5 5 The reader interested in FDH analysis may refer to Gupta and Verhoeven (2001) and to Simar and Wilson (2003) 
, it is said that country i exhibits inefficiency. For the observed expense level, the actual output is smaller than the best attainable one. FDH is one of the different methods of estimating function F, the efficiency frontier.
In a simple example, four different countries display the following values for indicator y and expense level x: Expenditure is lower in country A (800), and the output level is also the lowest (65).
Country D exhibits the highest expenditure (1300), but it is country C that attains the best level of output (75).
Country D may be considered inefficient, in the sense that it performs worse than country C. The latter achieves a better status with less expense. On the other hand, countries A, B or C do not show as inefficient using the same criterion.
In FDH analysis, countries A, B and C are supposed to be located on the efficiency frontier 6 . This frontier takes the following form in this example: 
This function is represented in Figure 1 . 6 Of course, it could still be the case that there are inefficiencies in those countries, in the sense that they could improve outcomes without increasing resources used. The point here is that there are no other countries in the sample that provided evidence this is so. As in a court, a country is presumed efficient till inefficiency evidence is provided. ii) If one computes the horizontal distance to the frontier, the efficiency loss is now 300, in units of expense. It can be said that efficiency losses in country D are about 24 percent (=300/1300) of total expense. To attain an indicator level of 70, it is necessary to spend no more than 1000, as shown by country C.
FDH analysis is also applicable in the multiple input-output cases. We sketch here how this is done, supposing the case of k inputs, m outputs and n countries. The interested reader may refer to Gupta and Verhoeven (2001) and to Simar and Wilson (2003) . For country i¸ we select all countries that are more efficient -the ones that produce more of each output with less of each input. If no more efficient country is found, country i is considered as an efficient one, and we assign unit input and output efficiency scores to it. If country i is not efficient, its input efficiency score is equal to:
are the l countries that are more efficient than country i.
The output efficiency score is calculated in a similar way and is equal to:
Following the input and output scores calculation, countries can be ranked accordingly. Efficient countries are the same in both the input and output perspective, but the ranking and the efficiency scores of inefficient countries is not necessarily similar from both points of view.
DEA framework
Data Envelopment Analysis, originating from Farrell (1957) seminal work and popularised by Charnes, Cooper and Rhodes (1978) , assumes the existence of a convex production frontier, a hypothesis that is not required for instance in the FDH approach. The production frontier in the DEA approach is constructed using linear programming methods. The terminology "envelopment" stems out from the fact that the production frontier envelops the set of observations. Similarly to FDH, DEA allows the calculation of technical efficiency measures that can be either input or output oriented. The purpose of an input-oriented study is to 8 Coelli et al. (1998), and Thanassoulis (2001) offer good introductions to the DEA methodology.
For a more advanced text see Simar and Wilson (2003) .
evaluate by how much input quantity can be proportionally reduced without changing the output quantities. Alternatively, and by computing output-oriented measures, one could also try to assess how much output quantities can be proportionally increased without changing the input quantities used. The two measures provide the same results under constant returns to scale but give different values under variable returns to scale. Nevertheless, and since the computation uses linear programming, not subject to statistical problems such as simultaneous equation bias and specification errors, both output and input-oriented models will identify the same set of efficient/inefficient producers or Decision Making Units (DMUs).
9
The analytical description of the linear programming problem to be solved, in the variable returns to scale hypothesis, is sketched below. Suppose there are k inputs and m outputs for n DMUs. For the i-th DMU, y i is the column vector of the outputs and x i is the column vector of the inputs. We can also define X as the (k × n) input matrix and Y as the (m × n) output matrix. The DEA model is then specified with the following mathematical programming problem, for a given i-th DMU: 
In problem (3), θ is a scalar (that satisfies θ ≤ 1), more specifically it is the efficiency score that measures technical efficiency of unit ( x i , y i ). It measures the distance between a decision unit and the efficiency frontier, defined as a linear combination of best practice observations. With θ<1, the decision unit is inside the frontier (i.e. it is inefficient), while θ=1 implies that the decision unit is on the frontier (i.e. it is efficient).
9 In fact, and as mentioned namely by Coelli et al. (1998) , the choice between input and output orientations is not crucial since only the two measures associated with the inefficient units may be different between the two methodologies. 10 We simply present here the equivalent envelopment form, derived by Charnes et al. (1978) , using the duality property of the multiplier form of the original programming model. See Coelli et al. (1998) for more details.
The vector λ is a (n × 1) vector of constants, which measures the weights used to compute the location of an inefficient DMU if it were to become efficient. The inefficient DMU would be projected on the production frontier as a linear combination, using those weights, of the peers of the inefficient DMU. The peers are other DMUs that are more efficient and therefore are used as references for the inefficient DMU.
1 n is a n-dimensional vector of ones. The restriction 1 ' 1 = λ n imposes convexity of the frontier, accounting for variable returns to scale. Dropping this restriction would amount to admit that returns to scale were constant.
Notice that problem (3) has to be solved for each of the n DMUs in order to obtain the n efficiency scores. imposed when applying DEA. In fact, DEA is more stringent than FDH -a country that is efficient under FDH is not always efficient under DEA, but a country efficient under DEA will be efficient under FDH. In more general terms, input or output efficiency scores will be smaller with DEA.
The constant returns to scale frontier is represented in Figure 2 as a dotted line. In this one input -one output framework, this frontier is a straight line that passes through the origin and country A, where the output/input ratio is higher. Under this hypothesis, only one country is considered as efficient.
In the empirical analysis presented in this paper, the constant returns to scale hypothesis is never imposed. As a matter of fact, a priori conceptions about the shape of the frontier were kept to a minimum. Convexity is the only one considered here on top of the sensible efficiency concept embedded in FDH analysis.
Some additional methodological issues
Recently, some authors have applied the "education production function approach" to an international framework. Adapting from Barro and Lee (2001) and from Hanuschek and Luque (2002) , the education production function can be specified as:
where:
-y, a scalar, denotes the education outcome, or "school quality", measured by cross-country comparative studies assessing learning achievement;
-r, resources allocated to education;
-f, family factors that may affect the educational output, such as parents income or instruction level.
-ε stands for other unmeasured factors with an influence on the outcome.
The function G is assumed to be linear and is estimated by least squares methods. Barro and Lee (2001) find that student performance is correlated to the level of school resources, such as pupil-teacher ratios, and also to family background (income and education of parents). For Hanuschek and Luque (2002), "the overall strength of resources in obtaining better student performance appears rather limited".
The "production function approach" posits that deviations from the function derive from unmeasured factors and have zero mean. The inefficiency concept is not embodied in the empirical method used. When there is no evidence of correlation between inputs and the outputs, then some inefficiency conclusions are drawn. In fact, if the DMUs, here countries, may exhibit inefficiency, then there is no necessary correlation between the inputs and the outputs. In empirical terms, it is perfectly possible to detect a pattern where more input does not generally translate into more output.
Our approach is essentially different from the production function one. We do not assume that all decision units operate on the production function. Moreover, our production function envelops our data and has no a priori functional form. Differently from the regression analysis, output may be measured by more than one variable. We intend to measure inefficiency, and not so much to explain it. In our analysis, we compare resources allocated to the health or education production processes to outcomes, and do not enter into account with some other factors that vary across countries and that may well be important for the achieved results, like the family factors mentioned above. Of course, these factors would become important candidate variables when it comes to explain measured inefficiencies, a logical research step to follow.
Non-parametric efficiency analysis

Education indicators
In what concerns education our main source of data is OECD (2002a). Input variables to be used are available there or can be constructed from raw data. Examples of possible output variables are graduation rates, and student mathematical, reading and scientific literacy indicators. Input variables may include not only expenditure per student, but also physical indicators such as the average class size, the ratio of students to teaching staff, number of instruction hours and the use and availability of computers.
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Concerning education achievement we selected two frontier models: one model where the input is a financial variable and another version where we use only quantity explanatory variables as inputs. In both specifications, the output is measured by the performance of 15-year-olds on the PISA reading, mathematics and science literacy scales in 2000 (simple average of the three scores for each country).
12
In the first specification, inputs are measured by the annual expenditure on educational institutions per student in equivalent US dollars converted using
Purchasing Power Parities, in secondary education, based on full-time equivalents, 1999.
In the second specification, we use two quantitative input measures:
-the total intended instruction time in public institutions in hours per year for the 12 to 14-year-olds, 2000;
-the number of teachers per student in public and private institutions for secondary education, calculations based on full-time equivalents, 2000.
An obvious output measure for education attainment, the graduation rate, is unfortunately not very complete on the OECD source, and we decided not to use it.
Education efficiency results
Financial input results
Concerning the education performance for the secondary level in the OECD countries, we present in Table 3 the results of the FDH analysis using a single output, the PISA rankings for 2000, and a single input, annual expenditure per student in 1999.
11 The data and the sources used in this paper are presented in the Annex. Note that total expenditure (public and private) was considered. 12 The three results in the PISA report are quite correlated, with the following correlation coeficients: (reading,mathematics) = 0.90, (reading,science) = 0.82, (mathematics,science) = 0.79. From the results it is possible to conclude that five countries are located on the possibility production frontier: Hungary, Japan, Korea, Mexico, and Poland. Overall, average input efficiency is around 0.61 implying that on average countries in our sample might be able to achieve the same level of performance using only 61 per cent of the per capita expenditure they were using. In other words, there seems to be a "waste" of input resources of around 39 per cent on average.
The scope for input efficiency improvement is quite large since for some countries (Italy, Portugal) the input efficiency score is roughly half of the average score. For instance, countries such as Italy and Germany, where expenditure per student is above average, deliver a performance in secondary attainment below the average of the PISA index.
Some important differences have to be mentioned when looking at the set of efficient countries in terms of education performance. Japan and Korea are located in the efficient frontier because they do indeed perform quite well in the PISA survey, getting respectively the first and the second position in the overall education performance index ranking. However, in terms of annual spending per student, Japan ranks above the average (6039 versus 5595 US dollars) and Korea (3419 US dollars)
is clearly below average.
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On the other hand, countries like Mexico, Poland and Hungary are deemed efficient in the FDH analysis because they are quite below average in terms of spending per student. Given the expenditure allocated to education by these countries, their performance in the PISA index is not comparable to any other country with similar or inferior outcome and with less expenditure per student. Moreover, one has to note that Mexico, Poland and Hungary all have PISA outcomes below the country sample average.
14 In Table 4 we present the DEA variable-returns-to-scale technical efficiency results using the same one-input and one-output framework. We report for each country its peers, i.e. the countries that give the efficient production for each decision unit.
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13 See Annex for details on the data. 14 Notice that, by construction, the country that spends less is always on the frontier, even if its results are poor. 15 Additionally, and as a measure of comparison, we also present the constant returns to scale results. All the DEA computations of this paper were performed with the computer software DEAP 2.1 provided by Coelli et al (1998) . It seems interesting to point out that in terms of variable returns to scale, the set of efficient countries that comes out from the DEA approach, Japan, Korea, Mexico and Poland, are basically the same countries that were on the production possibility frontier built previously with the FDH results. In the DEA analysis only Hungary is no longer efficient.
Using the results obtained from both DEA and FDH analysis, we constructed the production possibility frontiers for this set of OECD countries (see Figure 3 ), concerning spending per student and the PISA report outcomes. The graphical portray of the production possibility frontiers helps locating the countries in terms of distance from those frontiers. The dotted line represents the DEA frontier, while the full line stands for the FDH one. It is visually apparent how Hungary is dropped from the efficiency frontier when convexity is imposed. Notice that while some countries are positioned rather way from the frontier, such as the already mentioned cases of Portugal, Germany and Italy, other countries are relatively close to it, such as the Czech Republic, Finland, Australia or the UK. 
Results with quantitatively measured inputs
We broadened our education efficiency analysis by looking at quantity measures of inputs used to reach the recorded outcome of education secondary performance. This implied an alternative specification, still using the PISA index as the output but now with two input measures instead of one. These new input measures are the following quantity variables: number of hours per year spent in school and the number of teachers per student (see details in the Annex).
Since with these non-parametric approaches, higher performance is directly linked with higher input levels, we constructed the variable "Teachers Per Student," TPS,
using the original information for the students-to-teachers ratio (see Annex).
Naturally, one would expect education performance to increase with the number of teachers per student.
The results of the FDH analysis for this 2 inputs and 1 output alternative are reported in Table 5 . We can observe that three of the countries that are now labelled as efficient, Japan, Korea, and Mexico, are precisely the same as before, when we used a financial measure as the sole input variable. However, now Hungary is no longer efficient, while Poland, another efficient country in the financial input set-up, was dropped from the sample due to the unavailability of data concerning the number of hours per year spent in school. Mexico is still deemed efficient essentially due to the fact that it has the highest students-to-teachers ratio in the country sample. On the other hand Hungary has now worse efficiency rankings and is dominated by Sweden and by Japan, that have a lower number of hours per year spent in school and a higher students-to-teachers ratio. Furthermore, both Japan and Sweden had a better performance outcome than Hungary in the PISA education index. Additionally, Sweden and Finland now come up as efficient since they have a students per teacher ratio not very different from the average, they are below average in terms of hours per year spent in school, and are above average concerning the PISA index ranking.
Therefore, this supplementary set of results, using quantity measures as inputs instead of a financial measure, seems to better balance the relative importance of the inputs used by each country. Indeed, it seems natural that in more developed countries like Sweden and Finland the cost of resources is higher than in less developed countries like Hungary and Mexico. Both Sweden and Finland were being somehow penalised when only a financial input was being used but this bias can be corrected using quantity measures as inputs.
Additionally, this set of results also reveals a higher average input efficiency score than before, placing the average "wasted" resources at a lower threshold of around 11 per cent. Concerning the average output efficiency score the results are nevertheless similar either using a financial input measure or two quantity input measures.
In Table 6 we report similar DEA variable-returns-to-scale technical efficiency results for 2 inputs and 1 output case.
With these quantity inputs one notices that three countries are still labelled efficient as before (DEA with 1 input and 1 output) assuming variable returns to scale: Japan, Korea, and Mexico. However, now two new countries appear as well as efficient, Sweden and Finland, in line with the results we obtained with the FDH analysis.
Again Poland was dropped from the sample due to data unavailability and Hungary is once more no longer located on the frontier. 
Health indicators
OECD ( It is of course difficult to measure something as complex as the health status of a population. We have not innovated here, and took two usual measures of health attainment, infant mortality and life expectancy.
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Efficiency measurement techniques used in this paper imply that outputs are measured in such a way that "more is better." This is clearly not the case with infant mortality.
Recall that the Infant Mortality Rate (IMR) is equal to:
(Number of children who died before 12 months)/(Number of born children)×1000.
We have calculated an "Infant Survival Rate", ISR,
which has two nice properties: it is directly interpretable as the ratio of children that survived the first year to the number of children that died; and, of course, it increases with a better health status.
We have chosen to measure health spending in per capita terms and in purchasing power parities, therefore allowing for the fact that poorer countries spend less in real and per capita terms, even if their health spending is hypothetically comparable to richer nations when measured as a percentage of GDP 17 .
Therefore, our first frontier model for health has two outputs:
-the infant survival rate,
-and life expectancy, the input being per capita health expenditure in purchasing power parities.
In a second formulation, and following the same reasoning that was made for education, we compared physically measured inputs to outcomes. In our second frontier model for health are the same as before. Quantitative inputs are the number of doctors, of nurses and of in-patient beds per thousand habitants.
Health efficiency results
Financial input results
Results using input measured in monetary terms are a tentative answer to the following questions: do countries that spend more on health attain a better health status for their population? Or else are there a number of countries that spend comparatively more on health without an improved result? Table 7 displays FDH results when a financial input, total per capita expenditure, is considered. In 30 considered countries, 11 were estimated to be on the efficiency frontier -the Czech Republic, Finland, Greece, Iceland, Japan, Korea, Mexico, Poland, Portugal, Spain and Turkey.
Note again that, by construction, the country that spends less is always on the frontier, even if its results are poor. This is why Mexico and Turkey are considered here as efficient, as both spend clearly below average and have results also clearly below average.
Another group of countries located in the frontier is the "less than average spenders" that attains "average to good results." Here, we can include the Czech Republic, Greece, Korea, Portugal and Spain. Finally, Finland, Iceland and Japan belong to a third group -those that have very good results without spending that much.
If we analyse the inefficient group of countries, the ones not in the FDH frontier, a number of countries display strong spending inefficiency. The United States have an input efficiency score of 0.313 with Greece as a reference, meaning that Greece spends less than a third of what the US spends, having better results. From this point of view, the US wastes more than two thirds of its spending. Similarly, Spain, an efficient country, spends slightly more than half (56,5 %) of German expenditure, being better off. Germany therefore is estimated to waste 43,5 % of its spending.
Results for this 1 input -2 output model using DEA are summarised is Table 8. In general terms, DEA results are not very different from FDH ones, the efficient group of countries being a subset of those previously efficient under FDH analysis.
Specifically, Finland, Greece, Portugal and Spain are now inefficient, and the Czech Republic, Iceland, Japan, Korea, Mexico, Poland and Turkey define the frontier. The most striking difference is for Portugal -under DEA, this country is now near the end of the ranking, either in terms of input or output scores. Indeed, Portugal is dominated by the Czech Republic, Korea, and Japan, the first two countries having lower per capita spending in health and similar life expectancy.
Results with quantitatively measured inputs
When using quantitatively measured inputs, we are simply comparing resources available to the health sector (doctors, nurses, beds) with outcomes, without controlling for the cost of those resources. It is therefore possible that a country is efficient under this framework, but not in a model where spending is the input. Half among the 26 countries analysed with this second formulation for health was estimated as efficient under FDH analysis (see Table 9 ). These are Canada, Denmark, among the less efficient in providing health, when resources are physically measured.
Conclusion
We summarise in Table 11 the results, for both sectors and for both methods, using the different input and output measures, in terms of the countries that we found out as being efficient. iii) a comparison between efficiency when financial cost is considered and efficiency when inputs are physically measured; iv) a comparison across the two sectors, education and health, to see whether efficiency and inefficiency are country specific.
Our results strongly suggest that efficiency in spending in these two economic sectors where public provision is usually very important is not an issue to be neglected. In the education sector, the average input inefficiency varies between 0.520 (1 input, 1 output, DEA) and 0.892 (2 inputs, 1 output, FDH), depending on the model and method, and on health, it varies between 0.743 (1 input, 2 outputs, DEA) and 0.959 (3 inputs, 2 outputs, FDH). Consequently, in less efficient countries there is scope for attaining better results using the very same resources.
Results using DEA were broadly comparable to results using FDH. DEA is more stringent, in the sense that a country that is efficient under DEA is also efficient under FDH, the reverse not being true.
Measuring efficiency when one considers the financial resources allocated to a sector is different from assessing efficiency from the measurement of resources in physical terms. We evaluated efficiency across countries in two sectors, essentially comparing resources to outputs. This opens the way to a different but related line of research, which is to explain why some countries are more efficient than others when it comes to education or health provision. Different plausible linkages can be investigated. We point out some, to suggest some future research:
-As an important part of education or health expenditure and provision is public, it could be the case that inefficient provision is related to public sector inefficiency; -Other differences across countries can play a role in explaining our results.
For example, a different population density or composition may well imply different needs from an input perspective in order to attain the same measured outputs. Also, different levels of GDP per head or of educational attainment by the adult population could imply different outcomes in health or education, even under efficient public services 18 .
-Countries are also different in what concerns the mix of public and private funding of education and health (see Table 1 ). One possible source of inefficiency could derive from the interaction between these.
Clearly, and after measuring efficiency, identifying the (in)efficiency sources would be of great importance in economic policy terms. 
